Introduction
A special patent [1] has been developed to produce hydrogen gas by means of water electrolysis. Due to the physical patented process, hydrogen is generated together with oxygen in a quasi -stoichiometric proportion realizing the HHO gas. An important particularity of this process consists of the mobile characteristic of the whole installation.
The main features of this productive installation are the following: gas flow rate 750 Nm 3 /h, gas pressure 0.2 MPa, gas temperature 20-45 o C. One important field of using this gas phase mixture (HHO) can be found in cutting/welding metals and other hard materials (such as ceramic, stones, etc.), but an adequate tool has to be technically adopted in the first place.
This paper tries to establish a correlation between the unexpected visible aspect of a premixed hydrogen flame [2] generated by a normal gaseous cutting tool and the physical-kinetic mechanism involved in this process, with some conclusions concerning the best geometrical details of the cutter tool.
Briefly, a very short and condensed flame has been expected at the cutter tool outlet, but a very long and luminous flame has occurred instead - fig.1 ; very high temperature has been expected and low values have been registered. Due to this fact a numerical model has been created and then an experimental session of validation has been performed in order to analyze these facts.
Numerical model of the HHO flame
To develop this numerical model of the HHO gas, Fluent code has been adopted [3] . First some important assumptions have been established:
-The HHO gas is perfectly mixed (hydrogen and oxygen) at the cutter tool outlet, due to the relative long path (l/d) from the gas generator to the cutter, lap over the multitude of bents, even within the cutter;
-The HHO composition is a stoichiometric one, based upon the electrolyzing process; -Kinetic mechanism of the HHO burning process has been adopted after Warnatz [4] , as it can be analyzed in the Fig.2 . Within the Fluent case a standard k-İ model of turbulence has been adopted [5] , considering the turbulence kinetic energy, k, and its rate of dissipation, İ, are obtained from the following transport equations:
and In these equations, Gk represents the generation of turbulence kinetic energy due to the mean velocity gradients, Gb is the generation of turbulence kinetic energy due to buoyancy, YM represents the contribution of the fluctuating dilatation in compressible turbulence to the overall dissipation rate and C1İ, C2İ, and C3İ are constants; ık and ıİ are the turbulent Prandtl numbers for k and İ, respectively. Sk and Sİ are user-defined source terms. The turbulent (or eddy) viscosity, ȝt, is computed by combining k and İ as follows:
where Cȝ is a constant.
The model constants C1İ;C2İ;Cȝ; ık; and ıİ have the following default values [5] :
Flame post-processed aspect is presented in Fig.3 and the temperature distribution (calculated). http://dx.doi.org/10.21611/qirt.2008.06_06_08
ENERGETICS It is to be seen that auto range temperature scale found invisible high temperatures.
Flame domain has been shorted to emphasize details as it marked .
Looking at a much smaller scale within the post-processed results we can see an interesting incipient detail, as it is shown in Fig.4.   Fig.4 . Detail of the incipient flame.
In this detailed figure one can see the real flame of the HHO gas, reaching the expected values of temperatures, as it can be observed on the attached Kelvin scale. This flame is a very small one, comparable with the dimensions of the nozzle. Secondary flame -observed in the fig. 3 -exists only due to the retarded recombinations mentioned by the reactions 5-19 from the kinetic mechanism. This conclusion can be proved by the results in the fig.5 , concerning the HO2 radicals: 
Experimental validation and conclusions
Experimental results are presented in Fig.6 . It consists of a set of temperature values recorded by a double wavelength (0,9 -1,8 µm and 7 -14 µm) infrared pyrometer OMEGA S3750 with the temperature range between 350 -3000 ºC . The most important conclusion is that the HHO real flame is very small (1-1.5 mm) and the recorded and computed images are post-combustion reactions generated by the high temperatures in the main flame. Further experiments have been performed to visualize the small main flame.
All these results have been obtained by the help of the experimental installations, presented in the fig. 7 . Fig.7 . Experimental installation to test the ignition parameters and a series of obtained images at 16500 frames/second.
Conclusions
¾ The flame of HHO gas mixture at atmospheric pressure has a special behavior due to a huge oxidation rate of hydrogen being in stoichiometric ratio and more, already premixed with oxygen. The numerical model of combustion in the primary zone of the flame point out temperature values of about 3036ºC. ¾ Next to the primary zone, comparable as length with injection nozzle diameter, the process continue in a special space for water vapors dissociation having 10 -15 times nozzle diameter. It follows a secondary combustion zone, with bigger length, were temperature values are about 645ºC. This zone contains the gas described by Warnatz mechanism and practically constitutes the visible part of flame; the temperature of this zone is explained by its volume and the influence of oxygen that diffuses from environmental air with low caloric supply. ¾ The research presented will help to develop some incision or adhesion advanced technologies based on HHO mixture ignition and combustion phenomenology. 
